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I.
Introduction
Arteriosclerotic changes in early stages and of a
mild degree are easily discernible by careful pathological study in many individuals as early as the third
decade, whether the population studied is composed of
diabetics or non-diabetics.

It is the unusual fre-

quency of advance lesions of occlusive vascular disease, involving chiefly the coronary vessels and the
leg arteries, which provides the outstanding features
of diabetic morbidity and mortality rates (1).

The

problem of the cause _of arteriosclerosis is .inevitably
concerned with the processes of aging and degeneration,
since the development of arteriosclerosis is obviously
so much more frequent in later adult life than in early
life.

Provided he has diabetes long enough, every dia-

betic will die of or with arteriosclerosis, just as will
any other individual.
I believe the entire reason for this article may
be found in the answer to the following questions.
Does the diabetic patient show more arteriosclerosis
than is normal for age, sex, and weight?

Provided this

diabetic shows more arteriosclerosis than is normal for
his age, is it the same type of arteriosclerosis which
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is characteristic for bis age?
what is its etiology?

If it is different,

Can it be prevented?

What can

be done to alleviate the condition once it bas
developed?
Arteriosclerotic heart disease has become the
captain of the men of death among diabetic patients (1).
This statement by Root portrays the import of the increase of arteriosclerosis, not only of heart disease,
but of other manifestations of arteriosclerosis evident
in the diabetic.

This statement indicates that arteri-

osclerosis in one manifestation or another is now becoming one of the most important reasons for death
among the diabetic.

Joslon (1) states that the in-

crease in death due to arteriosclerotic changes is due
to the decrease in death because of coma.

Insulin has

demoted coma as the captain of death in the diabetic.
Joslin's figures show:
Period

%Arteriosclerosis

%Coma

Naynyn

1894-1914

18

64

Allen

1914-1922

25

42

Banting 1922-1935

44

6

Hagerdorn

60

4

1937-?

Due to the significance of these figures, and because of the questions and statements above, I believe

2.

that an investigation as to the incidence, etiology,
and pathology should be conducted with the purpose ot
creating a deeper understanding of the subject.

Of

course research has been instituted and is being undertaken so that a better understanding of the problem
will be evolved.

This article is a survey of the inci-

dence, etiology and pathology, with an attempt to corre~
late the confusion which exists concerning these subjects
and their relation to arteriosclerosis in the diabetic.
Root (1) says that an elucidation of the relative
importance of the various factors contributing to the
causation of. arteriosclerosis, together with improvements in our method of preventing and of treating these
complications when they arise, represent perhaps the
most urgent need in diabetic treatment today.
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II
Incidence
In the discussion of this subject, I wish to present the opinions of various authors in regard to the
incidence of arteriosclerosis in the diabetic before
discussing other phases of the subject, and - thereby
set up some criteria by which the incidence of arteriosclerosis can be established.

In any critical evalu-

ation of statistics a natural variation is to be expected, but this variation can be minimized by establishing a criteria for the diagnosis.

This allows a

more adequate and accurate evaluation of the subject.
In the study of arteriosclerosis, the best criteria is furnished by the study of autopsy reports;
next, by the causes of death on death certificates of
diabetics, and last, by the evidence obtained by clinical and physical examination with the help of the
X-Ray.

This last method allows for diagnosis on the

living diabetic which 1s important since it, in a
sense, gives an insight to the degree or incidence of
arteriosclerosis in the living diabetic.

Joslin (1)

believes that sclerosis of the radial artery can be
used as a criteria for the degree of arteriosclerosis,
but his method does not seem to be adequate in my
-A...
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estimation.

I believe as does Rabinowitch (1-,j ) .. That

conclusions upon the presence of arteriosclerosis in
the living cases will err on the side of two low percentage."

Joslin grades the radial artery into

(1) palpable, (2) roll under finger, (3) tortuous
(4) beaded or pipe stem.

I " think that in establish-

ing any criteria, a more inclusive classification must
be established, since the above will err in two low
percentage of actual arteriosclerosis in the diabetio.
A more accurat~ evaluation will be obtained if one considers as mentioned, autopsy findings, causes of death
in the diabetic, along with clinical evidence from the
living cases.
Let us now investigate the findings from the
autopsy table with the idea of evaluating the incidence
of arteriosclerosis.

Warren (2) in an examination of

484 cases of diabetes, showed arteriosclerosis to be
present in all but 50 cases of whom 36 were under 30
years of age.

Arteriosclerosis was the cause of death

in 143 cases, 3(Jf/o, one died of acute coronary thrombosis at 33 years.

The decade of onset in which arteri-

osclerosis did not present itself was the first.

Thus

making it the only decade immune to arteriosclerosis.
In his first series of 300 cases, he attributed death

5.

due to arteriosclerosis at 72%.

He considered this in-

crease due probably to the sharp drop in deaths from

coma.
Wilder (3) reporting from the Mayo Clinic as early
as 1926 recognized the significance of the incidence of
arteriosclerosis in diabetic.

His report is based on

the findings of a total of 81 cases of diabetes coming
to necropsy.

All had been treated at the Mayo Clinic.

Atherosclerosis, sufficient in degree to be graded 2 or
more in a scale of 1 to 4, . was noted in necropsy reports of 41 of 51 patients in which the condition of
the arteries was specifically noted.
kidney vessels occurred in 26%.

Sclerosis of the

Gangrene was respon-

sible for 14 deaths out of the 81 cases.

Marked coro-

nary sclerosis was found in 6 cases and moderate coronary sclerosis was evident in 8 cases.

In the first

series of 81 cases, the average age for gangrene to
develop was 59 years.

The author thought this was

significant, because rarely do people w~thout diabetes
develop atherosclerosis at this age.

I believe that

these figur.es can be helpful in showing the incidence
of arteriosclerosis, but it leave.a doubt as to whether
this arteriosclerosis appears any earlier than in the
non-diabetic.

Blotner (4) confirms Wilder's findings
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in his series --o f ?7 cases at the Peter Bent Grigham
hospital.

In this series 35% to 45% showed marked de-

gree of disease of the coronary vessels.

Eight of this

series or lo% died of cardiac Infarction.
cidence was from 13 to 85 years.

The age in-

Blotner also ran a

series comparing the incidence wi t h non-diabetics.

In

this series of the non-diabetics, pathological lesions
were found in 2i% of 450 cases from 40 to 80 years.
This article shows the increased incidence of arteriosclerosis in · diabetics as compared to non-diabetics of
the same age group.
Nathanson also has (5) some interesting contributions to make in regard to the incidence of arteriosclerosis.

He makes the enlightening comment that

since the introduction of insulin the death from vascular disease has increased from 28 to 47%.

The study

was based on the records of 100 diabetics autopsied
with special reference to cardiovascular pathology.

He

concluded that in this analysis, an incidence of 41% of
severe coronary disease was encountered through the 50
year age group, above 50 years t his incidence reached

52%.
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Enklewitz (6) contributes to this study of the
incidence of arteriosclerosis in his series of 92 cases
of diabetics as compared to 96 cases in the nondiabetics.

The average age of both groups was 60 years.

While the author has subdivided arteriosclerosis into
coronary occlusion, coronary sclerosis, aortic atherosclerosis, and gangrene of the extremities, the entire
series illustrates the incidence of arteriosclerosis in
diabetics and offers a good comparison with the nondiabetic.

In the diabetic series the average duration

of the diabetes mellitus was? years.

The author feels

that coronary occlusion was far more frequent among
diabetics.

Twenty-six out of ninety-two diabetics had

coronary thrombosis.
The reason that the author feels that coronary
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occlusion 1s so much more frequent is because he found
that in a series of 594 consecutive cases autopsied in
ages from 50-69 years, that the ratio of coronary
occlusibn in the diabetics was two times that in the
non-diabetic.

The conclusions, as expressed by

Enklewitz, are that coronary thrombosis in diabetics
in people over forty years is a manifestation of degen.e ration of the vascular system.
TABLE I
Age10-19
20-29
30-39
40-49
50-59
60-69
?0-79
Total

Diabetics
Throm. with - Throm. - Coro. Scler. - Neg - Tot.
Infarct
alone
Sl. -Mod. -Mark.
1

1

8
4

8

5

~

2
3

3
6

7

7

7
7
5

2

12 Ia 19

4

1
3
5
4

2

1

r,

1

1
3

11
28
35
8

90

TABLE II

Age20-29
30-39
40-49
50-59
60-69

Non-diabetic with Heart disease
Throm. witfi - Throm. - Coro. Seier. - Neg - Tot.
Infarct
alone
Sl.-Mod.-Mark.
1
4

15
37
70-79
6
80 and .over
Total
59

2

3

2

4
1
1

1
2
2
1
1

1
2
4
7
2

1
1

12
23
47
10
2

2 17 16
~
These results show that coronary thrombosis
occurred more frequently in diabetics than the non-
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diabetic. Of one hundred diabetics past the age of 40,
34 showed coronary thrombosis, 54 coronary sclerosis.
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Coronary thrombosis. occurred two times as frequently
in the diabetic as the non-diabetic.
While discussing the incidence of arteriosclerosis as evidenced by cardiac pathology, Root and
Sharkey (8) have series ·wnich illustrate this high
incidence.

Analysis was made on post mortem examina-

tion of 175 diabetics at the New England Deaconness
Hospital.

This included 100 males and 75 females.

Ninety-three of this group had a systolic pressure at
some time between 150 and 250 mm. of mercury.

The

average age at death was 63 years in the hypertensive
group and 51 years for the non-hypertensive group.
In this series 18 died under the age of 40; of these
? had had diabetes for over 5 years and every one of

these had arteriosclerosis, including 2 boys under 16
years of age.

To compare the incidence of arterio-

sclerosis in non-diabetics, a series of 170 non-diabetics were autopsied and the results evaluated.

The

cases were unselected and all over 40 years of age. _
This is an interesting comparison, because the diabetic
group had 18 under the age of 40 dying as a result of
arteriosclerosis.
incidence.

This illustrates the increased

Without quoting percentages, a striking

excess of advanced arteriosclerotic lesions occurred
in the diabetic.

Thus forty percent of the diabetics
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had advanced coronary sclerosis while it was present
in only 13% of the non-diabetic group in spite of the

.

fact that the diabetic averaged six years younger.
Root, Bland, Gordon, and White (7) present a
series of cases which again illustrate the incidence
of arteriosclerosis in diabetics as compared with nondiab~tics • . They go as far as to say that more than
one-half of the diabetics in the United States are
destined to die of occlusive vascular disease, ~f which
coronary sclerosis 1s the most important.

These workers,

after analyzing the pathology 1n the coronary arteries,
compared 344 patients with diabetes to 3,400 cases that
were non-diabetics.

Important is the fact that in the

3,400 cases there were both young , middle aged and old,
so that a cross section of the population was reviewed.
The diabetics had been treated for both long and short
periods.

The lesions were classified from the patho-

logical findings by (1) being evidenced microscopically; (2) cases showing as evidenced by fatty placques
of calcification, but with no apparent narrowing of the
lumen; (3) atherotic changes with definite narrowing of
lumen of one or both coronaries or major branches; (4)
cases showing actual occlusion of coronary arteries,
either recent, healed or without myocard1al infarction.
The high incidence of arteriosclerosis is evident by

I
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analyzing this series.

The incidence showed a far

higher incidence of arteriosclerosis in the diabetic
female than in the non-diabetic.

In the diabetic cases

only 45% were males and 55% were females, whereas, 1n
the non-diabetic group; 63% were males while only 34%
were females.
Under the age of 40, there were 2 of 33 patients
with coronary occlusion.

In the non-diabetic group, 7

of 1,090 had evidence of coronary occlusion.

Between

the ages of , forty and sixty years there 31 of the 132
patients, or 23%, with coronary occlusion, while 80 of
1,273 in the non-diabetics had coronary occlusion.

In

all age groups coronary occlusion occurred in 112 out
of 344 case·s in the di~bet1c, or 321,, ascompared with

176 out of the 3,400 non-diabetics, (6%).

The differ-

ence between the diabetics and the non-diabetics is
great~st 1n those showing actual occlusion of coronary
arteries.
Rosenblum( ~) makes the statement . that he had a
group of young adults from 22 to 35 years who had had
diabetes for some time and . died as the result of
coronary occlusion.
Lisa (:00) and the co-authors i n a study of a series
of 193 diabetics compared with a series of non-diabetics,
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believes that the incidence of arteriosclerosis is
more common in the diabetic.

The material observed

consisted of 193 diabetics who came to autopsy bet•een
January 1, 1928 and December 31, 1941.

Only data on

patients forty years or over were included.

Sub-

divisions were made relating coronary arteries, aorta,
size of the heart, state of cerebral arteries, presence
of arteriolar disease of the kidney compatible with
hypertension and comparison of the visceral and peripheral arteriosclerotic changes on patients with amputations common to autopsy.

As a control series, 2,250

non-diabetics coming to autopsy over the same period of
time were used.

TABLE I

Coro. Art.
Aorta
Cardiac
Infarct

Patients with Arteriosclerosis
fo
No. studied
No.
Diab. Non-diab.
D. N.D.
D.X.
193
182

2,092
1,426

130

1,252

138 1,252
143 1,374
42

280

N.D.

?O

60

76

70

30

22

TABLE II
Condition
Persons with diabetes
No.
%
Coronary Arteries
Involved
138
100
Moderate
48
35
Severe
90
63
Aorta
Involved
143
100
53
Moderate
37
Severe
90
63
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Persons without diab.
No.

%

1,252
596
656

100
48
52

1,374
754

100

620

55
45

These tables illustrate that a more severe process
1s present 1n the diabetic, more so than in the nondiabe tic.

TABLE III
Comparison of Ag e Frequency with Severe Form
Coronary Arteries
Aortic Involvement
Diab.
Non-Diab.
Diab.
Non-Diab.
40-50
24%
151,
10%
10%
51-60
44
25
41
22
61-?0
46
37
54
36
71-80
56
43
67
49
81-90
71
60
80
68

Age

The above table illustrates the higher frequency
in the diabetic as compared to the non-diabetic in all
age groups.

TABLE IV
Age
40-50
51-60
61-70
71-80
81-90

Those with Moderate Severitz
Coronary Arteries
Aortic Involvement
Diab.
Diab.
Non-Diab.
Non-Diab.

3';!!/c

19%

20

28

21

32

20

38

14

21

so%

33
32
16

30%
42

43

39

In this last .table I think the age groups of
interest are those between 40 and 70.

After this age

we can expect degenerative changes to occur, but in this
period of from 40 to 70, the incidence of both moderate
and severe coronary arteriosclerosis is much more common than in the non-diabetic.

This is very similar to

conditions found in the aortic involvement.

I think

that this article 1s of importance when considering the
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✓

the incidence of arteriosclerosis.

This author dif-

fers with Wilderts statement that sclerotic changes
occur no more frequently than usual in persons with
diabetes.

This data unquestionably shows that arteri-

osclerosis, especially in the severe form in the younger individual appears more often in the diabetic
patient.
also.

Wilder (l i ) in another article cort~trms this

The authors also concluded that arteriosclerosis

appeared earlier in _the diabetic than in the nondiabetic.

In patients in the fourth decade they found

sclerotic changes in 57% of those with diabetes.

Such

a high incidence was not reached until well in the
fifth decimium, more than 10 years later in the nondiabetic group.
Lehnherr (12 ) in a small series of cases, trying
to evaluate the relationship between arteriosclerosis
and diabetes, found that in the chemical analysis of
25 diabetic aortae, arteriosclerosis was the cause of
death in 13 instances or 5c)%.

The author states that

if the age of the patient were reckoned with by the
amount of the lipid and calcium depositied in the aorta,
the diabetic patient would be prematurely aged.
All the evidence from the autopsy table indicates
that the incidence of cardiac complications in the

15.

diabetic is greater and more severe that in the nondiabetic.

I think that we can use this as a criterion

for the incidence of arteriosclerosis in the diabetic
because of this evident relationship between the two.
Necropsy reports on the incidence of occlusive
periphiral vascular disease would in a similar manner
indicate the incidence of arteriosclerosis.
Rabinowitich (1 ~) in this early date, when insulin
was reducing the complication of coma as the highest
cause of death among the diabetics, the author states
11

tlaat gangrene is of importance sufficient enough to
warrant investigation in the cause of death among diabtics. 11

The autho-r quotes a series of .1 016 patients,

36 of whom had gangrene.

Though, at first glance, this

may. seem to be a small figure, he realized that it was
one of the chief contributing causes of death in diabetics.

It is evident that investigators, at ~his earlr

date were alarmed at the increasing incidence of diabetic gangrene as a complication of generalized peripheral arteriosclerosis.
Eliason (14 ) cites the following series as evidence
for the incidence of arteriosclerosis.

In 1,305 cases

of diabetes ad.ministered and admitted to the Philadelphia
G.eneral Hospital, 175 or 13%, developed gangrene

16 .

requiring surgery.
years.

The average age incidence was 65

Actural statistics reveal that 20 to 25 percent

of the diabetic population in this country develop and
die as a result of gangrene.

Diabetic gangrene results

or occurs 10 years earlier . in life of patient than does
the senile form.
He1kim1an (15) says the purpose of his study of
84 necropsy reports is to add to the cases already in
the literature and determine when possible, ·the cause
of death and the relationship to the deaths.

Of the

84 autopsied cases, approximately 90% were over 40 years
of age, 49 were males, 35 were females, the average duration of the disease was 3 to 4 years.
Decade
1
Coronary Occlusion
Gangren·e
· cerebral Thrombosis

2

3

4

1
1

5
2
4

6
0

7
3

7
1
6

Total

3

7

These conditions accounted for 28 deaths.

4

17

There

was no patient whose death was caused by these conditions
until the fourth decade.

There were 2 in the fourth

decade and 12 in the sixth.

Sclerosis of the coronary

arteries was considered to be of a sufficient grade ~o
receive comment in 48 of the patients, which is almost
half.

The author does not know whether this would be

_greater than would be expected in the non-diabetic.
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Henderson (16 ) believes that gangrene is another
important manifestation of vascular disease in the
diabetic.

The cause of the vascular disease is the

same in the diabetic and the non-diabetic but the relative frequency differs.

The great majority of cases of

diabetic gangrene are secondary to arteriosclerosis.
Approximately 66/o of all diabetics have gangrene.
Wilder (lV) states that occlusion of the arteries
of the legs also occurs with unusual frequency in cases
of diabetes. · In the Mayo Clinics series of 130 nee•.

ropsies on p.i.~ betics patients more than 40 years of age,
such occlusion sufficient .in degree to cause some
symptoms before death was present in 51 cases · (396/o).
Forty of the cases in this series also had severe coronary lesions.

The· proportion of females was greater

in the diabetics than the males.

There was a far

greater incidence of arteriosclerosis in the diabetic
female.
Beard (15' ) also · states that arteriosclerosis 1s
greater in diabetics than non-diabetics and occurs 15
years earlier.

He feels that here is a greater incid-

ence of gangrene of lower extremities and coronary
sclerosis among diabetics than among the non-diabetics.
ThJs 1s an impression; the author did not undertake any
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investigation so that he could substantiate his claims.
Jablon (19.) says that diabetes is capable of producing vascular disease, notably arteriosclerosis.
Arteriosclerotic obliterans, with or without calcification, is commonly seen in diabetic Jews in a -relatively early age.

It is also more common in the female.

Homan ( 20 ) says that other investigators in this
subject have found an alarming incident of arteriosclerosis associated with diabetes.

Homan feels that

diabetic gangrene is actually a somewhat premature
arteriosclerosis.
One of the best ways and probably the way from
which most of the controversial f i gures arise as to the
incidence of arteriosclerosis in diabetes comes from
the findings of the clinicians -in examination of the
living diabetic.

I believe that to understand the

increasing incidence of arteriosclerosis in the diabetic, we should have adequate ways of determining the
average age of onset of this condition and the severity
of the complic·a tions before death occurs.

To do this,

we must examine the diabetic while he undergoes a
routine check-up.
very thing.

Many investiga tors have done this

A survey of these various methods and re-

sults will follow.

The results seem to be confusing or

unreliable in that all ·i nvestigators do not agree in the
reliability and accuracy of some o·f the methods used.
Morrison and aogan ( 21 ) made an X-ray study of
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324 diabetic patients, ages varying from 2 to 81 years.
The legs and feet were chosen because the vessels of
the legs show evidence of sclerosis earlier than those
of the arm.

The patients were classified as to whether

the degree of calcification of their vessels was (1)
slight, (2) moderate, (3) advanced.
The first group are patients whose vessels are
visible for only a short distance and are not well outlined by calcium.

The second group are patients whose

vessels are outlined by calcium for a considerable portion of their course.

In the third group there were

patients whose arteries are visible as almost continuous calcium shadow and in whom some of the branches
are calcified.
The authors observed that in a normal person a
vessel is rarely found in which calcium can be demonstrated before 40 years of age.

In 30 normal persons

from 40 to 50 years, the vessels were calcified in 36%.
In the same decade 63% of diabetic patients showed
evidence of calcified vessels.

The incidence of arter-

iosclerosis increases with age, and the severity of
the process increases with age,

Advanced arterio-

sclerosis was present in 68 patients, all over 40 years
or above.

In 22% of the 68 patients, with advanced

calcification, pulsation was absent in one or both
dorsalis pedis arteries.

Pulsation was absent in only

l?d/o of patients with all degrees of calcification.
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No

patient among the 324 under 50 years of age had absent
pulsations in the dorsalis pedis arteries regardless of
the amount of calcification or duration of the disease.
\)

Forty-eight had evidence, runong 68, of vascular lesions
elsewhere in the body.

Gangrene was present in 24% of

these patients with marked calcification.

Sixty-eight

of the patients examined had had diabetes for 10 years
or more.

Sixty-two or 91% showed evidence of calcifi-

cation of the vessels and 37%, showed advanced calcification.

The authors reached the following conclusions:

the incidence of vascular calcification increases with
age and the duration of the disease and is grea ter in
the diabetic than in the non-diabetic; advanced calcification was not present under 40 years although four
did show some signs; Diabetes mellitus is an etiological
factor in the production of vascular calcification.
White (22) in an examination of 104 diabetic
children, found evidence of arteriosclerosis in 24;
19 of this group showed calcification of the leg arteries,
5 showed ret-inal sclerosis alone.

Thirty-six percent

of 50 patients under forty years of age with diabetes
for over 5 years gave an ·,x-ray evidence of peripheral
arteriosclerosis.
Hallock (23) also has a series showing _the incidence of arteriosclerosis in the living diabetic.
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Before quoting any of the figures, this author has a
novel way of obtaining his information.

I did not

observe this method in any of the other articles that
I read.

The author says that the problem of arterio-

sclerosis may also be investigated by measuring the
degree of vascular sclerosis in terms of arterial
elasticity or arterial rigidity.

For the purpose of

this study Hallock recorded the elasticity of .blood
vessels in 22 diabetics, all of whom were under 35
years of age, 18 were 20 years and under; the yqungest
diabetic record was 6 years of age.

The duration of

the diabetes ranged from 3 months to 6 years.

All were

receiving insulin and could be classified as moderately
severe diabetics.

Two had -0een admitted to the hos-

pitals on 3 different occasions, each in a state of
diabetic coma.
In a previous communication, Hallock pointed out
that arterial elasticity or arterial rigidity can be
evaluated by determining the rate at which the pulse
wave is propagated through the arterial tree, inasmuch
as it is not possible to measure arterial elasticity
directly on the living subject.

Since the velocity

with which the pulse is transmitted along the arteries
depends on the elasticity of the vessels' walls, one
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can obtain an idea of the degree of arterial rigidity
oft arterial elasticity by determining directly the
velocity of the pulse wave in the living man.

The

authors, after mathematical treatment of the equation
relating the velocity at the front of the pulse wave
to the coefficient of volume elasticity, have shown
that the velocity of the pulse wave 1s a direct function of the arterial rigidity, or an inverse function
of arterial elasticity.

By the employment of an

optical recording apparatus, Hallock studied the velocity of the pulse wave through the aorta and iliac
vessels, and through the brachial, radial, and carotid
vessels in a series of 55 normal cases, and was thus
able to establish a mean normal pulse wave velocity
value for age groups ranging from childhood to old age.
The mean normal pulse wave velocity values for the
various age groups are graphically represented in
Graph I (velocity of the radial pulse wave), and II
(velocity of the aortic pulse wave) in the form of the
point to point curves of 5 and 10 years
(center line).

intervals

The outer lines were drawn according

to one standard deviation above and below the mean
pulse wave velocity for each age period.

Hence, by the

definition of the standard deviation, 16% of the normal
cases should fall above the upper line and 34f between
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the upper and lower lines.

It is therefore possible,

by plotting values for velocity of pulse waves on these
normal standards, to evaluate the effect of various
vascular pathological states, upon arterial elasticity.
When the radial velocities of the 21 cases of diabetes
were plotted on the standard graph (fig. I), 12 cases
fell above the upp er line where 14 were expected and
none fell below the lower line where 3 were expected.
According to Chi square test such discrepancies in the
velocity of the radial pulse wave could nqt occur by
chance along oftener than 6 times in 100,000.

In view

of this significant value it follows that young diabetics as a group have a higher radial pulse wave
velocity than the normal.
On the other hand when the aortic velocities for
17 cases were plotted on the standard graph fig. II,
6 cases fell above the upper line where about 3 were
expected, 6 fell between the center and lower line
where about 12 were expected, and only 2 fell below
the lower line where about 3 were expected.

According

to the Chi square test such discrepanc ies could occur
through the operation of chance alone in 30 out of 100
times; hence cannot be considered statistically signifcant.

Inasmuch as the trend of these values tends

toward higher velocities, it is probable that if more

24.

cases had been recorded the results would also have
been more definitely significant.

However, until this

can be statistically verified, the effect of diabetes
on the elastic arteries such as the aortic and iliac
vessels must remain an open question.
It is apparent from this study that an increase
of arterial rigidity or conversely, a decrease of
arterial elasticity in the medium sized arteries may
accompany the diabetic state, and that t his abnormal
decrease of arterial extensibility manifests itself
unusually early in the course of the diabetic's life.
Th is is of particular clinical significance when one
takes into account the fact that all patients studied
in this series have not yet reached the age when arteriosclerotic changes were to be expected.

The assumption

must, therefore, be advanced that diabetes predisposes
the vascular system, perhaps by some morbid metabolic
derangement, to the development of premature arteriosclerosis.

25 .

••
o-:

""'�\,.S.
� ....... 'L\&.�

�

i

0
J

. ,D

,,.,

\\

\o

V

•

-

�
�

�

-

-

l.------"'

. 4?.:
..V
V
.1 'ro

0

/

s

/ ./

�

V
L------"
LJ
.. v/I /

0

JJ, '

./

.)

v--

'\s

\5

.:,.s

M

'"'s

P\�e. \'<'\

\. Ce�-\c.11' \\"'._ ::

�- \llp�e.,.

�'ti.�

\�-.,-»

ss

c.5

�e.�"�

�s

t.\�

"'e.a..'c'\ ""o,.'N'\� \ � U,.'f\) c,

\..","e. �

= ��..W\�\ "I..."' w..&

c"f

V �'<',a.�\ \,"t�

3.�-\� = \(e..\-.�,,�

a-+

����a.\ �v.\se. c:a'( 4\
26.

�O\A""�

��c:.'\-,c.�

SL

/ '
•

~

/

_,,,
~

J

/

/(

V V
I

/ /

~

i~
0 VV -

..
VV

,.,.

()

,............

I
{f
Q\

I

'

/

p

r
0

\\

-

1

a,

v .

i-.,---~
...,,'"

:o

=•

Pearl and Krandel ( 24) contribute to the incidence
✓

of arteriosclerosis in their series of 100 unselected
cases.

The patients were chosen at random.

The exam-

ination consisted of collection of certain important
data from histories including close questioning regarding symptoms of vascular disease.

/

The patients were

then put through a routine examination of the peripheral
vascular system.

This examination evaluated not only

an estimation of the strength of the peripheral pulse
but especially in a clinical evaluation of the vascular
sufficiency.

These authors found generalized arterio-

sclerosis present in Bo% of the cases, and over half
complained of vascular symptoms.

The majority of them

showed abnormalities of peripheral pulse along with
other signs of peripheral vascular derangememt.
Kramer ( 25) ·in his report reviewed 100 cases which
were selected at random from the diabetic clinic at the
Rhode Island Hospital and studied.

The extremities

were x-rayed and the degree of calcification was noted.
The fundi and especially the retinal vessels were
studied.

Pulsation of the dorsalis pedis and the

posterior tibial arteries were recorded and the degree
of pulsation was noted as absent in 1 plus, 2 plus,
3 plus, and 4 plus.

2'8.

An analysis of this study, taking the group as a
whole, reveals a 39% incidence of arteriosclerosis.
However, when the cases are classified by decades of
life, one readily notes an indrease with each decade.
There were no cases in the first and second decades.
In the third decade the incidence, 8%; in the fourth,
1?1/4,.
TABLE I
Decade
First
Second
Th ird
Fourth
Fifth
Sixth
Seventh
Eighth

Eviden·ce of Arteriosclerosis
#
%

No. of cases
1
16
12
12
14
23
l?

0
0

5

1
2
6
11
13

1?
43

5

100

8

48

??

X-ray studies of lower extremities made on all
patients showed that 24% of the entire group showed
evidence of sclerosis as compared with 63% in the
arteriosclerotic group. However, advanced sclerosis
may exist without one being able to demonstrate such
deposition as shown by 14 cases with negative x-ray
findings but showing other positive indications.

29.

TABLE II
Decade

No. of
cases

X-Ray
Findings

Pulsations Pulsations
Dorsal Ped. Post. Tib.

Third

1

Positive

3 plus

2 plus

Fourth

2

1 positive
1 negative

4 plus
3 plus

1, 4 plus
1, 3 plus

Fifth

6

4 positive
2 negative

3, 4 plus
2, 3 plus
1, 2 plus

2, 3 plus
2, 2 plus
2, e

Sixth

11

9 positive
2 negative

2,
3,
2,
1,
2,

4
3
2
1
0

plus
plus
plus
plus

1, 2 plus
4, 1 plus
6, 0

Seventh 13

? positive
6 negative

2,
2,
4,
2,
3,

4
3
2
1
0

plus
plus
plus
plus

2, 3 plus
1, 2 plus
2, 1 plus
8, 0

Decade

Eyes Fundi

Oscilo'm etric

Histamine

Third

Sclerosis

Good

Good

Fourth

2 normal

1 good
1 fair

2 good

Fifth

4 normal
2 sclerosis

5 good
1 fair

4 good
2 fair

Sixth

5 normal
6 sclerosis

4
2
4
1

8 good
2 fair

Seventh

good
fair
poor
0

4 good
3 fair
6 poor
6

4 normal
9 sclerosis

1 0

7 good
2 poor
4 not done

This author believes that any incidence to be a
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true evaluation of the arteriosclerosis must include
all possibilities to present the true picture of the
incidence of arteriosclerosis.
Meyers (2.15) classified his findings into 4 groups
depending upon the severity of signs and symptoms and
'

degree of incapacity.

In grade Oare those with no

peripheral vascular disease.

Grade I includes patients

with peripheral vascular disease but with no incapacity.
Grade I I includes those with partial incapacity.

Grade

I I I includes those with total incapacity.

Results of the survey by the author on the severity
of seventy-four diabetics examined were the following:
24 had severe diabetes (diet and 15 units or more of

insulin per day), 10 had moderate diabetes (diet and
15 units or less per day), and 40 had mild diabetes

(diet without insulin).

The age distribution was the

following:
Age
Under 40
40-59

60 and over

Moderate

Mild
0

l

18
22

3

6

Severe
2
13
9

Of the entire group, 32 or 42% were found to have
peripheral vascular disease.

None were in the young

group, but 11 were in the group from 40 to 59 and 21
were in the old group.

This s.eries also presents

positive evidence of the apparent increase in arterio-
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sclerosis in the -diabetic.
Morrison and Regan (27) examined the lower extremities of a group of diabetics for calcification of
the arteries by means of the X-ray from 1924 to 1927.
63% of 167 patients beyond the age of 40 years were
found to have a degree of calcification that could be
detected by X-ray.

In the non-diabetic this was 2()%.

Dry and Hines (Zj3) believed that the central problem is not whether arteriosclerosis is present, but
whether the functional integrity of the arterial system
in the regions of the body is intact or not.

The mater-

ial they used consisted of 250 diabetics out of a total
of 7,073 diabetics examined consecuti·vely in their
clinic.

The non-diabetic group consisted of 219 out of

a total of 197,894 cases.

They summarized their find-

ings with the following:
Absolute incidence of arteriosclerosis to a degree
of causing arterial insufficiency is very .significantly
higher in the diabetic group in every decade where the
diabetic is compared to the non-diabetic.

The ratio

was 11 to 1.
Arteriosclerosis obliterans occurred a decade
later among the non-diabetic patients as a group than
among diabetics.

32.

Arteriosclerosis obllterans occurred 2 decades
later in the non-diabetic males as compared to the
diabetic male, and one decade later aroong the non-diabetic women than among diabetic women.
The incidence of arteriosclerosis obliterans is
eighty times as frequent among diabetic women than
among non-diabetic women.
Even in the early age period of 40 to 49 years,
arteriosclerosis obliterans is about tw~lve times as
common among diabetic women as it is among non-diabetic
men.
There ls a greater incidence of more serious
complications of occlusive peripheral arteriosclerosis
as represented by gangrene and trophic ulcers.

33 .
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At this point I wish to summarize briefly the preceding articles on the incidence of arteriosclerosis
✓

as other investigators have found it to exist in diabet&E.
I believe that without a doubt that arteriosclerosis
can and does exist in the diabetic in a greater percentage than in the non-diabetic.
Wilder (3) in a study of 81 cases, found arteriosclerosis of sufficient degree present in 41 of 51
patients coming to autopsy.
Blotner (4) in a series of 77 cases showed 35 to
45% with marked degree of disease of coronary vessels.
Ten percent of the group had died of cardiac infarction.
Nathanson (5) said that since the advent of insulin,
the incidence of death from vascular disease had
increased from 28 to 46%.

This was based on a study of

of 100 diabetics coming to autopsy.
Enklewitz (6) in a series of 92 cases of diabetics
as compared to 96 cases in non-diabetics, felt that
coronary occlusion was far more frequent in diabetics.
The ratio

being two to one.

Root, Bland, Gordon, and White (7) make the state-

' in this country are
ment that one half of the diabetics
destined to die of occlusive vascular disease of which
coronary sclerosis is the most important.

They also

showed a far greater ratio of arteriosclerotic disease

35 .

in the diabetic female .than in the non-diabetic female.
They found coronary occlusion occurred in 32% of the dibetic cases as compared to 6% in the non-diabetic cases.
Lisa and others ·(10) agree with other observers that
coronary sclerosis 1s far greater in the diabetics than
non-diabetics.

65% of their series had severe coronary

sclerosis as compared with 52% in the non-diabetic
series.

The involvement of the aorta reached 63% in

the diabetic while it was only 45% in the non-diabetic.
The incidence of coronary sclerosis was greater in the
40 to 60 age group than in the non-diabet_ic group.

It

was 25% in the diabetic series to 2o% in the nondiabetic series.
Lehnher (12 ) in a small series of cases, trying to
evaluate the relationship between arteriosclerosis and
diabetes, found that in the chemical analysis of 25
diabetics, aortae arteriosclerosis was the cause of
death in 13 instances or 50%.
Rabinowith (19 ) found gangrene in 36 out of 1016
patients studied, a percentage of 3.5.

Although this

was not an alarming figure, he realized that it was
one of the chief contributing causes of death in the
diabetic.
Eliason (1 4 ) in his series of 1,305 diabetics
found an incidence of gangrene in 14%.

36 .

He stated

11

that

in actual figures, 20 to 25% of the diabetic population
in this country develop and die as a _nesult of gangrene."
He also states that every diabetic develops arteriosclerosis before the fourth decade. 11
Heikimian (1 6 ) in a series of 84 necropsy reports
on diabetics found an incidence of 48 cases with ~ufficient degree of coronary sclerosis.

This was better

than 50%.
Henderson (1 6) believes that gangrene is another
important manifestation of vascular disease in the
diabetics.

The great majority of cases of diabetic

gangrene are secondary to arteriosclerosis.
mately

6%

Approxi-

of all diabetes have gangrene.

Wilder (1 i ) states that occlusion of the arteries
of the legs also occurs with unusual frequency in the
cases of diabetes.

In a series of 130 necropsies on

diabetic patients more than 40 years of age, occlusion
sufficient in degree to cause symptoms was present in
39%.

Jablon ( 1e. ) s.ays that diabetes is capable of
producing arteriosclerosis, with or without calcification
and that this is seen very frequently in Jewish .diabetics
at a relatively early age.
Beard (18 ) says that arteriosclerosis is greater
among diabetics and on an average occurs 15 years

37 .

earlier than in the non-diabetic.
Homan (~©. ) found an alarming incident of arteriosclerosis associated with diabetes.

He states that

diabetic gangrene is actually a somewhat premature
sclerosis.

He does not quote any statistics.

This is

just his opinion.
Morrison and Bogan ( 2.t·) found in examination of 324
diabetics by X-ray, that 63% of the group between 40 and
50 had evidence of calcification in the

leg arteries.

In the normal non-diabetic they found an incidence of
36%.

They also state that the severity of the arterio-

sclerosis increase with the age as does the number.
White ( ~22) in an examination of 104 diabetic
children by X-ray found evidence of artefosclerosis in
24.

19 of this group showed calcification of leg arter-

ie~, 5 showed retinal sclerosis alone.

,

Also showed that

36% of the patients under forty years, with diabetes
for 5 .years or more, had X-ray evidence of arteriosclerosis.
Hallock (2S) in determining the elasticity of
arterial vessels as an index of arteriosclerosis, found
in a series of 22 diabetics under 53 years of age, that
young diabetics as a group have a higher radial pulse

wa~e velocity and consequently a greater degree of
arteriosclerosis.

38 .

Pearl. and Krandel (24- ) in a series of cases chosen
at random found that over, half complained of vascular
symptoms and the majority of them showed abnormalities
of peripheral pulse along with other signs of peripheral
vascular derangement.

~erneralized arteriosclerosis

was present in 50'}(,.
Meyers (26 ) in a series of ?4 diabetics examined
found that 34 of 42 per cent were found to have peripheral vascular disease .

None were under 40 years, but

in the age from 40 to 50, _there were 11 cases.
Bowen and Regan (21) in a series of diabetics found
evidence of arteriosclerosis in 63% of 16? patients examined by X-ray over a period from 192? to 1943.

In the

non-diabetic series this amounted to only 20%.
Dry and Hines (2 8 ) believed that the central problem is not whether arteriosclerosis is present, but
whether the functional integrity of the arterial system
in the regions of the body is intact or not.

The mate-

rial they used consisted of 219 out of a total of
97,894 cases.

They found that the absolute incidence of

arteriosclerosis to a degree of causing arterial insufficiency very significantly higher in the diabetic
group in every decade in which diabetes was compared
to the non-diabetic.

The ratio being 11 to 1. · In cases

.

of •diabetic women the incidence 1s even greater, being

39 .

80 times more frequent ln _the diabetic female.
Kramer (25) reports from a case of 100 unselected
I/

diabetics the following incidence of 38% arteriosclerosis.

In the third decade of life, the incidence was

8% and in the fourth l?'fa.
Although the results of various investigators
vary consider.ably as to the incidence of arteriosclerosis, I believe that an$,lysis of the work of these investigators are reliable and an average of them would
reveal the

approximate percentage of arteriosclerosis

in the diabetic.

I agree with these investigators

that arteriosclerosis is greater in the diabetic and
is very likely to occur at an earlier date.

40 .

rII
Pathology
Before attempting to describe the pathology
that is characteristic of arteriosclerosis in the
diabetic, I will first describe the typical pathology as found in the nondiabetic individual.

One must

remember that the term arteriosclerosis is a broad
one and covers several varities or forms which are
pathologically different.
The first to be considered is atherosclerosis.
Mccallum (2$ ) in his textbook of pathology describes
this as follows:

The earliest changes, which appear

in the arteries of large calibre, but may occur in
the medium of smaller arteries, are recognizable in
the aorta as the beginning of arteriosclerosis by
the slightly elevated, flattened, yellow streaks
which usually run on the posterior wall between and
about the openings of the intercostal vessels, although they are by no means confined to this area.
With further advance of the process, these yellow
patches are to be found diffusely distributed among
older lesion.

Sections passing through them show

that, while the artery is normal elsewhere, the elevation is due to distinct thickening of the intima
produced by new ~ormation of connective tissue with

41 .

✓

small and large wandering cells.

Both the original

branched connective tissue cells and the wandering
cells are , found to be loaded with fat.

Such fat is

by no means lodged only in the deeper layers of the
1ntima, but extends up to the surface, where the fat
laden cells li.tLfree in the crevices.
In the later stages the hillocks of thickened
intima become extensively thicker and the tissues become hyaline or necrotic about the abundant accumulations of fat,

The superficial or innermost lay e rs

become very homogenous connective tissue.

Ra.rely do

the vasa vasorum penetrate from the media to take
pa rt in the formation of tissue.

There is no in-

a..

vasion of wondering cells commensurate with the new
formation of tissue.

The dense connective tissue

formed over the fat containing tissue 1s, bluish,
white ·and translucent.

It covers the yellow, opaque,

fatty material so that it now appears to be in the
depth of the intima~ enroaching on the musculo-elastic
layer.and the internal elastic lamella.

When such an

aorta is opened, the most common characteristic appearance of a~teriosclerosis is revealed.

Elevated, round-

ed or irregular plaques or patches stand up from the
intimal surS.ace like solidified drops of paraffin.
They seem hard and honog!:?nous,, but on cutting through
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them, there is al ways to be found the mass of yellow
fatty material.

From the cut surfa ce this yellow mass

can be expressed or dug out.

It is soft mushy and

chara cteritic so given the name atheroma.
At this stage the internal elastic lamella underlying the plaque generally show fragmentation, or is
frayed out into several thin laminae which a gain unite
the outer edge of the plaque.

This is best seen in the

smaller arteries, but is also seen in the aorta and is
regarded as the most chara cteristic of t~ue arteriosclerosis.

Usually the longititudinal muscle fibers of

the musculo-elastic layer are involved in the necrosis
in the depths of the plaque, and are in a great part
destroyed.

Delicate elastic fibrils appear in the new

tissue which forms inside the layer and are thought to
use independently of the lamellae of that layer.

They

seem to be more characteristic of such changes as occurs ~
in the obliteration of vessels in inflamatory process~s
or in the organization of a thrombus than of true arteriosclerosis.
The media under the plaque generally shows surprisely slight alterations.

Very definite thick plaques form

in the intima while the underlying media seems practically
intact.

It may show slight accumulations of fat or be a

trifle thinner under the plaques than in neighboring regions.
This thinning in the

43 .

smaller vessel may ~roceed until the coat of the
vessel has practically disappeared.

The central mass

of the plaque becomes very soggy and soft, so that
1f the inner wall of the roof of the area gives away,
the contents are washed into the blood stream and
the ragged edges remain and give rise to the atheromatous ulcer.
The soft material is found to be rich in crystals
of oholesterlne esters, since they are doubly
fractive, while others are neutral salts.

re-

Granules or

little spheres or larger irregular masses of calcium
and magnesium phosphates also appear, and indeed, the
deposit s of c~lcium salts became so great that the
whole plaque becomes converted into a stony hard mass.
Usually they are covered smoothly with a delicate
layer of intimal tissue and endothelium, otherwise
they form a base for the deposit of thrombus.
It must be obvious that all these changes do
occur at the same time so that we have a typical
picture of smooth rounded, gray eminences scattered
along the aorta with irregular, yellow patches of
staining of relatively unthickened intima, with
atheromatous ulcers and sunken calcified remnants
of formed atheromatous plaques.
In all cases ; there is a great diminution of
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the elasticity of the arterial wall, which becomes a
rigid tube that is dilated and lengthened.

j

Exactly the same process in the same sequence
1s found 1n the branches of the aorta.

In these branch-

es, 1n comparison with calibre of vessels, the intimal
pla ques may be f a r thicker so that the channel or lumen
of vessels becomes constricted.
Sclerosis of the peripheral arteries contrasts
so sharply with the aorta that we may well look forward
to difference in type of lesion.

The most striking

difference is in the frequent calcification of the
media, a thing never seen in the atheromatoue type except in the advanced cases where there is an extension
of the process of necrosis and calcification.
arteries almost have

the

The

app earance of the trachea

with the hard rings that are formed.

This form has

been called 1 Monckebergs Sclerosis".

When this artery

is laid open the calcified rings sink a little below
the intervening substance and the art ery, which is
rigid, is often narrowed.
Sections show that the calcium is deposited
in the substance of the media, often very irregularly.
The calcium seems to be laid down i n the cells of
the connective tissue cells between the muscle cells,

•

and only after this process becomes extensive and
welded together, do the muscle oells become extinct.
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Actual bone with new formed marrow sometimes appears
to replace part of the calcified media.

The intima

is not very thickened over these rings in the larger
arteries.
1

[

This dondition may co-exist independently with

arteriosclerosis of the aorta, where distinct hard rings
can be felt in the femoral vessels, and the radial
vessels.

A point of great importance in this connection

is that the popliteal, posterior, tibial and dorsalis
pedis with intimal deposits of lipoid material may give
the appearance of Monckeberg's sclerosis or palpation.
Complete obstruction may occur.
Another well known pathologist, Boyd, (3.03) in
his textbook on pathology of internal disease gives
the following description of atherosclerosis both in
the gross and microscopic appearance.
The earliest lesion take the form of yellow,
linear streaks, at first hardly raised above the
surface.

These represent : the fatty deposits in the

depths of the intima.

Such lesions are often found

in young infants following an attack of an infectious
disease.

This appears to be a reversible process in

children.

As the process advances, the intima over

the patch gTadually becomes raised, thickened, and
more and more hyaline, so that the plaqued loses its
original color and becomes pearly or cartilagenous,
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resembling a drop of paraffin wax.
The atheromatous softening which ls so' characteristic of the lesion may involve the overlying thickened
✓

intima, and when the surface ls reached, the material
is discharged into the lumen of the vessel and the
atheromatous lesion is formed.
ed surface thrombosis may occur.

On the resulting roughen
The deposition of lime

salts in the fatty material may convert the lesion into
a calcified placque with the brittleness of a shell.
The microscopic appearance of the lesions was
described as the following:

The first change : is a

deposit of 11po1ds, chiefly chlesterol esters, in the
deepest part of the Yntima; the fat 1s partly in the
intercellular ground substance, and partly in the
branched connective tissue of the intima; these become distended with fat and are called lipoid cells;
this fatty change gradually extends to the surface;
at the same time, the sclerotic part of the atherosclerosis is evidenced by a thickening of the connective tissue over the fatty tissue; this thickened
tissue has undergone hyaline changes and practically
no cells can be seen.
In the deeper parts of the lesion there is
very definite evidence of breaking down and necrosis.
The chlesterol esters are broken up, crystal of
cholesterol are deposited and then appear in paraffin
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sections as occu~r spaces and clefts.
At the same time lime salts are deposited-in
the form of granules.

Boyda, (}G' ) explains the form-

ation as a process similar to the formation of calcium
soap.

The fat is saponified into glycerin, and oho~

lesterol on the one hand, and fatty acids on the other.
Calcium unites with the fatty acids to form an insoluable soap which is deposited in the tissues.

The

phosphoric acid replaces the fatty acid in the soap
to form calcium phosphates.
in the atheromatous process.

The elastic tissue suffers
In some cases the intilllal

elastic lamina is destroyed, in others it becomes frayed
into a number of strands some of which pass superficial
and others deep into the lesion reuniting on the far
side of the placques.

This is seen in the atheromas

of the small lesions rather than in the aorta.
The essential lesion of the atheroma is the
intimal placque.

In the aorta this has no appreciable

effect on the lumen.

In small vessels, such as the

coronaries and the arteries of the base of the brain,
the lumens are practically occluded.

When these

vessels are viewed from the outside, the atheromataus
ulcers can be readily detected as hard yellow nodules
giving a beaded appearance.
When reading the descriptions of both Mccallum
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and Boyd on the pathology of atherosclerosis, one is
r---

able to discern little ~ifference.

The lesions des-

cribed by both auth~~s are the same.
Karsher, (3a ) , another well known pathologist,
also agrees wi th the description of Boyd and comments
that atherosclerotic lesions may also be seen in the
medium sized vessels or smaller sized vessels to produce an endarteritis deformans.

He speaks of. a

lipoidoses of the intima which is a degenerative process following injury to the vessel {as acute infectious disease).

It appears 1n the. form of a longi-

tudinal, narr ow, slightly elevated placque along the
posterior wall of the aorta.

Microscopically this

area has fat deposited within the connective tissue
cells, in the tissue spaces and phagocytes.

Karsner

believes this. condition is the forerunner o.t. atherosclerosis.
Now let us examine the patholo gica l lesions of
arteriosclerosis that are found in the diabetic ,

Are

they any different than those found in the non-diabetic?

One of the best artiQles published on this

subject, and one that is a comphrensive study of this
condition is the art,i cle by Warr en (2) in his chapter
on the pathology of arteriosclerosi s in the diabetic.
It is evident trom thi~- discussion that the atherosclerosis of the diabetic is similar to that of the
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non-diabetic.
Warren (2), says that in the non-diab e tic individuals the vascular pathologicdl changes that we
encounter are fairly closely correlated with the
different types of the vessels.

The atheromatoue plaque

is the characteristic arteriosclerotic lesion of the
elastic arteries.

These may present several forms,

all of which are presumably related and represent
various stages in the process of atheromatous degeneration.
According to Aschoff, (3~), the first stage is
the so-called atheromatosis of puberty, characterized
by fine yellowish sub-endothelial streaks or spots,
particularly about the orifices of the intercostal
arteries.
raised.

The plaques are translucent and slightly
The elasticity of the vessel is normal.

Microscopic examination shows the swelling and loosening of the intercellular substance of the intima,
chiefly in the deeper layers, with the deposition of
minute fat deoplets.

These, among the fibrillae,

consist chiefly of cholesterol esters.

The fatty in-

filtration is far more marked in the intercellular
substance than in the cells themselves.

As the process

develops more and more of the intima is involved until
finally the endothelium is reached.
apparently reversible.
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These changes are

The next step is the development of true arteriosclerosis or atherosclerosis which is funamentally the
same.

Aschoff describes the following process.

The

lesion progress so that there has been a more marked
swelling and hyaline change of the ground substance of
the intima with infiltration of lipoids and new for~
mation of fibrous tissue, which in turn becomes hyalinized.

Beneath thehyaline connective tissue there

may or may not be an enormous mass of a theroma tous
material.

Finally, necrosis of the tissue cells occurs

with decomposition of the cholesterol esters to the
characteristic needle-shaped cholesterol crystals and
fatty acids, ~hich scone~ or later combine with calcium.
These calcium soaps become the calcareous and even bony
plaques form in the atheromatous regions.

As the

plaque becomes larger and reaches nearer the surface,
the blood stream may sweep away portions of the pultaceous material, forming the familiar atheromatous
ulcer.

Aschoff empha sizes that the lipoid content of

the plasma does not cause the atheromatosis but influences the character of the atheromatous pacques by
determing the degree of fatty infiltation of the hyalinzed ground substance.
Warren also describes the typical lesion of
Monckebergs sclerosis and the kind known as thromboangiitis obliterans.

He says that in the diabetic-
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individual, the atheromatous type, as described by
Aschoff, is the outstanding lesion.

The others may

be present, but if there is one thing that should
lead an investigator to suspect that an artery in a
given case comes from a diabetic patient, is when he
finds the intimal type of involvement in the muscular
arteries, either alone or superimposed.

Arterosclersis

of the intimal type may be considered to be present
if one finds local thickening and hyaline change of
the intima with lipoid infiltration, the presence of
cholesterol crystals or the presence of calcified
deposits.

These changes are practically always accom-

panied by graying or reduplication of the internal
elastic lamina.
Leary, (3~), describes the pathology of atherosclerosis as the laying down of a mass of lipoid cells
with a minimum amount of supporting fibrous tissue.
These massive accumulations of cells ar.e dependent
upon imbition ,_· from the plasma for their nutrition.
Necrosis occurs due to loss of nutritive supply.
Leary says that this is typical in the diabetic and
can be produced tn · the rabbit by high cholesterol
diet.

The atherosclerosis produced in the rabbit

is similar to the lesion in the human.

He says in

the di~betic, marked variation in idiosyncrasy exists.
Root, (1), says that atheromatosis 1s present
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as no dular patchy lesions of the aorta as well as

j

larger, middle sized and even small er arteries, chiefly
of the elastic type.

Although it may be found in the

arteries of the muscular type.

The intima is first

affected, becomes thickened and the cells a r e often
filled with lipoids ~ Calcifica tion of the plaques
with fibrosis of the media develops and gradually
the lumen is reduced.

He also makes mention of

Monkeberg's sclerosis a patchy involvement of the
medial without accumulation of 11po1d.

He says that

this is apparent by x-ray in the legs of the diabetics
who have had the diabetic condition since childhood.
this 1s the first incidence in which this type of
arteriosclerosis ha s been mentioned as actually p resent in the diabetic althou gh other authors have ma de
vague references to it.

Root does not mention which

of the other types of arteriosclerosis is the most
common.

He also mentions the other typ es of arteri-

olosclerosis whi ch occasi onally found , as arteriolosclerosis a nd senile arteriosclerosis.
Wild~r, (1 ~) , although recognizing the grea t er
incidence of a rt e riosclerosis in t h e diabetic, also
stres s the ob serva ti on that arteriosclerosi s a s
judged by hypertension, sclerosis of the retinal
arteries, and nephritis is also present but is no
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more common in the diabetic as in the non-diabetic.
Lehnherr,( l ~ ) , in a chemical analysis of the
aorta of 25 diabetics as compared to the aorta of 25
non-diabetics found there was a ~greater deposition of
lipoid, a more marked ·change in the lipoid allocation,
,
\,I

and a higher calcium and phosphorus content 1n the
diabetic aorta.

Thi s suggests that the type of arteri-

osclerosis present is that of the described atherosclerosis.
La.Mont,(04), believes that the arteriosclerosis
present in the extremities of the diabetics is probably
of the Monckeberg type and cites a case which -illustrates
this opinion.

On

autopsy, this -case ·showed lesions

typical of Monckeberg' s Sclerosis.

He believed the

atheromatous type appeared more frequently in the
heart, aorta and the brain.

What this author presents

may be true, but other authors have said that they
have found both types present in the .a rteries of the
extremities.
Lisa, (10) ,in his series of 193 cases of
diabetes ~mellitus coming to autopsy between 1928 a nd
1943 as compared to 2, 250 non-diabetic patients
autopsied over the same period found that the type of
arteriosclerosis was no different in the diabetic
patient than the non-diabetic pa t ient, and f attte:rmore
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the sclerotic changes or equal severity were found in
both groups.
Culliman, D5 ) , on the post-mortem examination
of a young diabetic of eight years duration found the
following: the aorta, especially the abdominal portion
and the main branches or the arch, splenic, pancratie,
femorals, and braches downas far as the dorsalis pedis,
the left coronary and the basilar arteries all showed
marked atheromatous changes.
Microscopic changes of the aorta showed the
intima with fibrous hyperplasia and large quantities of
lipoid.

This often appeared in the macrophages but 1n

placee seemed to be lying free. Cholesteral crystals
were frequently seen.

Beneath the atheromatous plaques

there was an irregular distribution of muscle and elastic fibers which replaced the fibrous tissue.
-z.

Lefkovitz.., (36 ) , presents a series which repre-

sents a histo-pathological study of the cornary vessels
in diabetics and non-diabetics of comparable age.

The

diabetic series ranged between 44 and 78 years and in
addition there was one patient six years of age and
one 20 years of age.
acroscopically, the coroaary arteries of the
six year old were smooth and appeared normal externally,
but microscopically, there was mild sclerosis of the
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intima with no deposition of fat droplets.

The 20

year old had small yellow plaques in his arteries with
-J

a moderate degree of sclerosis of the intima.
Microscopic sections of all ca ses showed well
developed intimal thicken i ng.

The thickening consist-

ed mainly of an increased amount of loose connective
tissue, elastic tissue elements, collagen and deposition
of lipoid material.

This review showed that this

author found evidence of beginning atherosclerosis.
20 hearts were removed from non-diabetics with marked
coronary disease in order to compare lesions found in
the vessels with those of the diabe tics of similar
age period.

The conclusion reached by the author was
$

that the extent and character of the intimal aclerosis
and the deposition of lipoid material differed 1n no
way from the pathology found in the diabetic hearts.

In any investigation of arteriosclerosis in
dia~etics, one finds the investigators. using the term
atherosclerosis while trying to evaluate the incidence,
etiology, and diagnosis of this condition.

They seem

to accept the fact that atherosclerosis is the only
type which is

present in diabetics.

In the main,

those quoted abov~ show that the typical lesion
which predominates is atherosclerosis and that it in
no way differs from the condition found in the non- .
diabetic.

lention was made also of the other types
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that we re found in the diabetic as Monckeberg 1 s
schlerosis, and arteriolosclerosis.
In considering the typical lesion to be ~xpected on autopsy of the diabe tic, the consenus of opinion
seems to point to artherosclerosls, but I believe as
do others that one will find all types to be present.
The indidence seems to depend upon the individual
case, and both types of lesions may be found in the
same case.

Many of the articles, as proof of the in-

creased inci dence of arteriosclerosis in the diabetic,
describe medical changes while. referring to ar\l&~rosclerosis.

It 1s apparent that the sclerosis present

in the diabetic can be of several types and that
artherosclerosis predominates
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the picture.

IV

ETIOLOGY
I believe beyond a doubt that everyone agrees
that the incidence of arterosclerosis in the diabetic
is or should be matter of concern.

It is also evident

that atherosclerosis is far greater in the diabetic
than in the non-diabetic in every age group.

It is

also evident that there is no essential di fference
between the arterosclerosis present in the diabetic
and the non-diabetic.

Of course one mext wonders

why this process appears so prematurely and what is the
cause of it.

To prevent the development of any disease

condition, and alleviate the disease once it has developed, one must know the etiology of the process.
Because of this, the main purpose of this paper will
be to evaluate the present concepts of the etiology
of arteriosclerosis in the diabetic.
The etiological factors concerned with the developmeht of arterosclerosis in the diabetics are
many and varied.

In attempting to form some conclusion

as to why arterosclerosis develops in the diabetic, I
wish to pre sent som e of the conditions which Root, (1)
mentions in his article on diabetic .arte r iosclerosis.
These are many and varied and will probably show
several factors are at work as an etiolo gical agent.
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One factor that must be considered is that of
heredity.

The incidence of heredity in producing

arteriosclerosis is indicated by the frequency of
hypertension and arteriosclerosis among the relatives
of patients with essential hypertension.

Writz, ~ -) ,

considers a predisposition to hypertension as a
Medelian dominant character.

To illustrate the appli-

cation of the influence of heredity to occlusive
vascular disease in t~e diabetic, Root (1) says that
one should be able to show an increased frequency of
arterosclerotic complications in relations of known
diabetics.

Two series of 100 diabetics were studies

with respect to familial vascular disease.

One series

consisted of 100 cases of diabetics in coma, the other
100 cases consisted of diabetics who had surgical
lesions of the feet dependent upon arterosclerosis.
Three vascular conditions were sought for in the
patients, h i gh blood pre s sure, cerebral hemmorhage,
and heart troubl~.

In the series of coma patients

53 out of 100 had known existance of one or more of
these conditions in father, mother, brother or sister.
In the series of foot lesions the number was 69 who had
familial history.
The above illustrates that heredity may be an
essential factor in the development of arteriosclerosis,
but is probably not the only factor.

59 .

Another factor which cannot be considered too
lightly, is the influence of the adrenal glands.

,,

This

is well reviewed by Raab (za- ) in his article on the
....

effect of the hormones on the formation of arterio~
osclerosis.

The adrenal rece'.1.ved his special attention

becau s e of its hemodynamic effect, selective action on
the media, the intimate relation between the adrenals
and lipoid metabolism (capacity of the cortical. hormone
for fixing cholesterol in the tissues), and the pathological records of young patients with ad.renal tumors
·and premature arteriosclerosis.
The above f a ctor, if of any importance, has not
been devel op ed in any great degree~ .

I .find that .

Fishberg r~9) in his textbook on hypertension says
that arterosclerosis can · b~ caused by adrenalin activity, and doe .a not have to have a concomi ttant hypertension.
An1tschow ~~O) concluded that. results on adrenal
sclerosis do

not Justify the hypotheses that there is

any casual connection between increased secretion of
the adrenal and hypertension in the genesis of arteriosclerosis.
Kremer (4~ ) on the othe r hand presents a case
of a 16 year old boy dying of cerebral accident with
bilateral tumor of the medulla.
arteriosclerosis.

He had genera~ized

Kremer says that there is a possi-

bility that overactivity of the chromaffin system is
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internally related to sclerosis of the finer arterioles
but has no cause or bearing on atherosclerosis of the
larger vessels.
Raab ( 4a ) says that from the cortical lipoids
and from adreniline, the adrenals form a substance which
impairs the arterial walls by degenerating the media
and loosening ~he intima, and indirectly favoring tl':e
deposition of cholesterol.

There seems to be a heredity

predisposition to. increased production of this substance
in the adrenal and to· suscept1b1li ty of vascular walls
to its action.
Danisch ( 4:-.3) in a large series of rabbits found
degenerative changes in s°ympathetic ganglion cells
following prolonged cl'l.olesterol oil feedings.

The

changes reach their maximum only after sclerosis of
the aorta appear.

Injury to the ganglion leads to

vasodilation of the vase vasorum.

Repeated cholester-

ol feedings often result in earlier occurance of the
int i mal lesions.
The material available concerni ng t he relation
of adrenal functions in the production of arterio~
sclerosis is meager, but b e fore any conclusions can
be reached, I believe a thorough investigations into
the relations of the adrenal hormones must be undertaken.
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Recent investigators have shown that other endocrine
V

glands, other than the pancreas, may be functioning
abnormally in diabetics.

It seems quite possible that

the abnormal functions of the adrenals might play a
role in the production of arteriosclerosis in the
diabe-tic~
In the last few years, a great deal of discussion
has evolved around the abnormal metabolism of fats,
cholesterol, lecithin, in the formation of _atherosclerosis in the diabetics. · It is probably -around this subject, that the greatest controversy has evolved. ·
Ani tschkow ( ~©) in h.i s chaJ>ter on experimental
arteriosclerosis gives the early 9pinion _of investigators on the influence of cholesterol fee.ding and
metabolism.

The majority of work seems to have been

done by the Germans since no re"ference is given to the
early American investiga~ors.
Ignatowski (44) in 1908, . in experimental feedings
on rabbi ts with high protein .diets , 6f meat, milk and
eggs, found that the aorta exhibited qhanges which resembled human atherosclerosis.

He - attributed it to the

animal protein, being unaware of the cholesterol .content of .the above diet.
Steinbisn(45) in experiments in which he ~ed
rabbits on substances of internal organs such as liver
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and super-renal cap sules no'ted the same as Ignatoqski.
He also attributed the effect to· something in the food,
but did not know what it was.
Anitschkow (46) claims to have produced the typical picture of atherosclerosis in rabbits by feeding
with pure cholesterin dissolved in vegetable oil.

This

was confirmed by Saltykow (86 ) .
The opposite opinion seems to have been held by
Weltman (47) Van Leersum (48) and Knasch (49) after
feeding rabbits with cholesterin or diets rich in
cholesterin.
Bachmeister (50) in a study of 13 patients with
arteriosc+erosis as compared to nine normal individuals found that the patients with arteriosclerosis
showed an increase in blood cholesterol during the
developing stage.
Wellman (51) in a series of 12 patients with
arteriosclerosis had eleven with increased blood cholesterols.
Graham (52) reported the range of cholesterol
levels in 10 patients with arteriosclerosis exceeded
the readings in 14 normal individuals.
Steppe and Andes (53) in a study of patients with
angina pectoris did not find an elevation of blood
cholesterol.

63 .

Denis ( 54) found 5 of 14 patients .arterio'T"
/

sclerosis with values for blood cholesterol greater
than the cholesterol readi ngs in 20 normal individuals.
Bloor (55) says persistant lipemia produced by
a single feeding, usually has normally disappeared by
24 hours.

If it remains longer than this it is con-

sidered parthological.

Under the older treatment

for diabetes, lipemia wa s a common condition.

The

serum was milky and continued high quantities of
cholesterol, and lecithin.

The serum can still be

seen to contain large quantities.

The author thou ght

that the lipemia was the result of the diet high in
f a t since on feedin gs the percentage of lipids went
h i gher than before feedi ngs.

He thought this to be

due to the f a ct that in diabetes the metabolism of
the lipids w~s not a dequa te to contr ol the intake.
Wishart (56) found that a combina tion of active
severe diabetes with high fat diet is undoubtedly
most conducive to lip emia.

Some degree of l i pemia

however may be reckoned with among the most stubb orn
symptoms of severe diabetes, and may presist for at
least several weeks after disappearance of both
hyperglycemia and acidosis on di e ts very low in fat
and total calories.

Although this article fails to

mention any relation between arteriosclerosis and
cholesteremia, it does show the relation between
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severe uncontrollable diabetes and lipemia and cholesteremia on low fat diets.

T~e next step would be

to show whether this lipemia is necessary for the
evolution of arteriosclerosis.

This will ~e done.

All·en ( 5?) in the same year that Wishart published
the above article found that seventy diabetic dogs
which had digested high fat diets, regularly developed
some degree of abnormal lipemia, and in some minority
of these animals, the lipemia became extreme.

Allen

believed that mild cases with high glycosuria and
severe cases of glycosuria abolished by diet, never
exhibit any extreme degree of lipemia however high the
fat intake.

The prerequisite is severe active symptoms

of glycosuria and hyperglycemia.

He also concluded

that diabetic lipemia evidently represents some secondary breakdown of fat metabolism not directly connected
with the pancreas's function.

It seems that Allen be-

lieves the metabolism of carbopydrate controls the degree of metabolism, since any dietary control of the
glycosuria prevented any elevation of lipemia.

This

article again shows the relationship of diabetes and
diets in relation to the blood lipids.

•

Mjarsnekow (58) stated that in 16 patients, 14 of
whom

suffered from anginal pectoris, there was ele-

vation in serum cholesterol ranging from 190 to 440
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mgsi.

The control sereis had a range of from 180 to

170 mgs'%,.
Tolstoi (59), examinations were made on the blood
of two men whose diet for one year consisted of lean
and fat meat, an essentially high fat and low carbohydrate diet.

The results showed that the chemical com-

position of the blood wis little aff~cted by such a diet
except for lipemia and hypercholesteremia.

These

returned to the normal v~lues when the diet was discontinued.

Here again these results . indicated that the

high fat diet was able to produce a lipemia and hypercholesteremia, a condition that many clinicians produce
in t h eir patients when the diet of ther diabetics has a
high fat ratio.

I quote this reference to illustrate

the point that high fat diets can produce these conditions in the normal individual and consequently would
do the same in th.e diabetic.
Hunt and White (e2 ; say that excess of cholesterolin the blood is an exception in unco mplicated diabetes
in children, as shown .by an investigation of 110
cases of di abetes.

In Bo% of 100 cases treated

between the years of 1926 and 1930 the most recent
reading of cholesteral was below 230 mgs'%, .

They used

the cholesterol values as an index to the total lipids.
With advancing years and duration of the disease, they
found that cholesterol readings declined.
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They also

found that arteriosclerosis occurred both in children
with high and low readings.

Their average cholesterol

readings were lower on the diets which allowed more
✓

fat in the diet.

Over nutrition is accompanied by an

increase of cholesterol in the blood.

Extremesin

variation above or below the normal body weight are
accompanied as a rule by excess of blood cholesterol.
Acidosis of diabetic coma causes universal in.orease in
blood cholesterol.

In diabetics of decreasing severity,

the average cholesterol value is 20"fa lower than in
case~ of progressive diabetes and mild cases are 10% lower
than severe cases.

The author made no alarming or

conclusive statements as regards the relation of cholesterol to arteriosclerosis; but the fact that in 80%
of the ca ses, normal blood cholesterols were found,adrnits
to the fact that hypercholestermia was not the etiolical factor in the series.

Arterosclerosis was present

in 9 of 48 ca ses examined by x-ra y.

Increase of cho-

lesterol wa s present in 46% of the ca s es.

No analys~s

were made on 5 patients during the time calcification
appeared in the vessels of the legs, which previously
had shown no evidence of schlerosis.

Two of these

patients had, pri9r to this appearance, continuously
ele~ated blood cholesterols, 3 had rea dings below 230
mgs%.
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It would seem from this article that hypercholesteremia was not a factor in the development of arteriosclerosis in the diabetic.

It is also apparent that

acidosis or uncontrolled diabetes, obesity may play a
part in the elevation of blood cholesterol and have a
part in the development of arteriosclerosis.
Gibbs, Buchner, Bloor, ( 00) , have experiments
based on the studies from 3 groups of dia~etics: Group

A, 9 patients having severe arteriosclerotic changes
in the lower extremities that gangrene had resulted in
amputations of the foot, legs, etc., the duration of the
diabetes ranged from 1 to 18 years, the age group from
41 to 75 years; Group B, 6 patients with ad¥anced
sclerosis but no gangrene having had diabetes from 1
to 14 years, and in the age group of 38 to 70 years.
It was evident that the average total' cholesterol
was higher in both group s as determined by the colorimetric method than in the normal group which is Group
C.

Group A had readings with 243 mgs%, group Ban

average of 250 mgs% and the control group 235 mgs%.
The percentage of cholesterol combined as esters
ls also higher, group A showing . 216 rags% or 72:1/o total
cholesterol, group B had 186 mgs% of 75% total.

In

another series presented by these same authors, the
control ran 58%, while in this series the normal
control was 62%.
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From the evidence it is clear that cholesterol
ester to cholesterol ratio averages about 10% higher
in these arteriosclerotic diabetes than in the normal.
'fhe total and esterfied cholesterol values in the two

I

series of diabetics with athersclerosis were found to
be 10 to 15% higher.

The author thought that these

changes suggested a relationship between the high
ratio of cholesteral ester to total cholesterol in
blood plasma and the &evelopment of atheromatosis in
the diabetics.
Ruprecht(~) believes that the etiology of
arteriosclerosis in the diabetic is · unknown,· but he
feels the cause to be -1ri the ·disturbed fat metabolism
with the elevated blood fat and blood ·cholesterol.
He says that arteriosclerosis can be produced qy feeding
dies high in cholesterol and since. diabetes ·h ave a
hypercholesteremia there -is quite a possibility that
this is the etiological factor.
Rosenthal (-62 ), in this investiga tion the authors
confined their attention to the material from persons
whose death had occurred sudd enJ;y, : in most instances
from trauma.

According to them attempts at correlation

of atherosclerosis and hypercholesteremia, or the cholesterol readings in patients already known to be atherosclerotic can not be reliable since the condition effects
the degree of cholesteremia itself.
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Duff (69) however does not believe that elevated
cholesterol produces or plays a comparable re.le in the
development of human artherosclerosis as it does in the
rabbit.

He s~ys that in man the large quantities of

cholesterol in the diet have only a relatively slight
and temporary effect on the level of cholesterol in the
blood owing apparently to the faculty with which the
cholesterol is disposed of by the human mechanism.
In the human being, in contra st with the rabbit,
cholesterol is a normal consituent of the diet, being
contained in considerable quantities in eggs, milk,
butter and meat.

The amount of cholesterol ingested

undoubtedly varies considerably between person and from
time to time in any single person, but the se variations
in the cholesterol content of the diet pave never been
shown to have any significant effect on the cholesterol
of the blood.

Furthermore, the deliberate addition of

cholesterol to the blood of the normal subjects does not
produce a sustained hypercholesteremia; the effect on
the level of the cholesterol in the blood is relatively
slight and transitory.
Now, in spite of the differences in the cholesterol
content of the di~ts of different persons and of the
various diets of different races, it has never been Ehown
that those p ers~ns or races which subsist on diets poor
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in cholesterol are by any means protected against the
development of arterioscle~osis.

Nor has it been

shown that those persons or races which develop arteriosclerosis at an earlier age or in more severe degree
than others are especially partial to foods ~hich are
rich in cholesterol.
The fact ' .that an elevation of the cholesterol or
the other lipoids in the ' blood is not found as an
accompaniment ' of arteriosclerosis in man constitutes
a strong argument against the idea that such a disturbance of 'the blood !ipids is the_ cause of arterioscl eroBis or that it is an essential factor in the
development of arterial lesion.
The author was aware that the high incidence of
arteriosclerosis among patients with diabetes mellitus
is f~~quently cited as evidence of the ability of hypercholestermia to produce arteriosclerosis in man.

This

is a disea se in which hyperlipemia and hypercholesteremia
are well known to occur -but ,it is hardly necessary to
point out that metabolic disturba~ces in diabetes is
not by any means confined to a disturbance of lipoid
metabolism or to an elevation of the lipoids in the
blood.

The well recognized tendancy of . dia betic patients
'

to have arteriosclerosis is not necessarily due to the
existance of hypercholesteremia.

Moreover it is not at

all clear that the severity of the arteriosclerotic
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changes run parallel with the degree of elevation of
✓

the blood lipoids.
The author believes that there is a gener~ 1~pression that a disturbance of lipoid metabolism must be postulated to explain ·the accumulation of lipoids in
the lesions of arteriosclerosis.

This ·imp,ress,iori may

prove to be correct, but there is not concrete evidence
at present to show that it is.

In any any event the

cholesterol feeding experiments provide no '. valid reason
for believing that a disturbance of cholesterol or lipoid
me,tta.bolism plays any part in the etiol6)gy of human
arteriosclerosis.
Elliot and Nuzum (6ft ) in their studies to determine whether or not the serum cholesterol in patients
with essential hypertension was elevated, stated that
the presence· or absence . of arteriosclerosis did not
seem to be influenced by the cholesterol readings.
Page and Farr (65 ) in this article concluded the
plasma lipids (tot al lipids, cholesterol as cholesterol
esters and lipid phosphorus) during the post absorptive
phase in patients suffering from nephrosis with hyper11pem1a are not regularly influenced by the amount of
fat in the diet.

This may be applied to the diabetic

with the regards to the diet.
Lande and Sperry {66 ) in the findings of their
investigations lead to the conclusion that there is no
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correlation between the concentration of cholester0l
in the blood serum and the lipid content of the aorta.
This is shown clearly by their 1nvest1~at1ons.

They

say, since it has been demonstrated that there ls a
parallelism between the lipid content of the aorta and
the degree of atherosclerosis and since it had been
shown in the present investigation that there is no
correlation between the lipid content of the aorta and
the cholesterol content of the blood serum, it follows
that there is no direct relationship between the concentration of cholesterol in the blood serum and the
degree of the atherosclerosis .in the aorta.

There 1s

no correlation between the macroscopic rating of the
degree of atherosclerosis and the cholesterol content
of the blood serum.
The concentration of cholesterol in the blood
serum was compared with the degree of atherosclerosis
in the aorta as measured by the lipid .content, in 123
healthy persons who had died suddenly from violence.
No relationship was evident, and it was concluded that
the incidence and severity of atheroscl~rosis are not
directly affected by the level of cholesterol in the
blood serum.
Davis.- Stein Lesnick ( 6[[) · in a study of blood
lipids and cholesterol in 54 patients with angina
pectoris found that there was considerable overlapping of the serum cholesterol values in the group with
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angina pector1s and the group used as a control; but
in 20% of the patients with angina pectoris there were
values well over the highest levels in the control
series.
Coracoran and Rab1nowitch ( 68) made a study on
the concentrations of the blood plasma of 27 different
Ca nadian Eskimos.

The analysis incl uded the total

lipoids, neutral fats, fatty acids ; total, free and
esters of cholesterol and phospholipids.

The analysis

showed that the average concentration of the total
lipids was low in spite of the fact that 20 of the
27 Eskimos had high protein and fat diets.

The average

concentrations of total free and ester cholesterol, of
phospholip ids a nd t h e average ratio of ester to totau..
cholesterol was also lower than those found among
civilized people.
Tests were run on 2 natives that were fed 200 ml.
of soy bean oil.

Analyses were run before and after

injection of this preparation.
in the meal for 10 months.

Both had had no glycogen

The results showed definite

increase of neutral fats and of the ratio of phospholipids to total cholesterol.

Both showed a reduction

of concentration of phospholipids a nd the ratio of
este r to total cholesterol.

These results were of

interest because of the diet high in total fat and
cholesterol, whereas, the average concentration of
these lipoids were lower than would be expected.
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It

would also seem to indicate that the diet high in fats,
cholesterol , etc.,does not necessarily elevate the
v'

values in the blood serum.
Corwin ( '5:..9) noticed that diets high in f a t may or
may not produce moderate hypercholesteremia in dogs.
Lecithin of adrenal origin when given by mouth daily
will constantly elevate the concentration of cholesterol
. in the blood.

Lecithin a nd a high fat diet will effect

marked elevation of the level of blood cholesterol.
The eleva tion · s eemed to be due to both an increase of
free cholesterol a nd chole s terol esters.
Flock and Corwin (7D) in their experiment indica te
that a sustained post-absorptive hyperlipemia may be
obta ined in dogs by feedin g them phospholipids daily
with a diet consisting of 8% phospholipids, and 36% or
72% fat.

A somewhat greate.r lipemi a is · observed in

the diets richer in neutral fats.

The increase in blood

lipid is largely neutral fats over cholesterol although
phospholipids are increased.

The blood fats are not

greatly incre a sed by or altered ~y increased amounts of
neutval fats or cholesterol in the diet.
Mueller (?1) in examination of 37 patients found
the quantity of cholesterol in the bloo d as follows:
the amount varied from 129 to 560 mgs% in all except
2 cases, and in these 2 cases there were no signs of
heart disease.

The author says that in ordinary senile
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atherosclerosis, as a rule, the cholesterol content are
normal (about 160 mgs%).

The heredity occurrence of

arteriosclerosis in Zanthomatosis and the hypercholestermia and development of vascular disease ind1ates a special form of atherosclerosis.

Their patients

were all suffering from za~thomatosis.
Although some of these investigators believe that
a diet high in fats, neutral fats, cholesterol, phosphol1p1ds and lecithin influence the blood lipids, it
seems that others disagree and think to the contra ry.
It certainly would see~ as does Page (72) , that the
lipids in the blood are not controlled by the diet,
but that the fats absorbed from the alimentary canal
are quickly deposited in the tissue depots prior to
utilization, and during post-absorptive period of fats
the concentration of circulating plasm is maintained by
utilization from these depots.
Page also, in answering the question, is hyperlipemia necessary for the development of atherosclerosis,
states that if it were true, increased amounts of lipids
should be found in the plasma of patients during the
development of atheriosclerosis.

He claims that no

definite data is available which definitely shows that
the serum is supersaturated with free cholesterol or
whether unusual fats and cholesterol concentrations
exist in the serum of patients -with hypertension and
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atperomatosis.

He concluded that the basis of the

theot1ies for the genesis of atheromatosis in essential
hypertension is without basis.

The author thinks that

atheromatosis can devel,op without hyperlipemia.
Page also wondered whether ability or susceptibility
to cholesterol ' mak es any difference.

Th i .a question is

still to be answered, but in reference to t~e diabetic,
some altered metabolic function mi ght increase this
susceptibility.
Andes and Kampmeir ( ?,) in their investigation
failed to find any relation between the incidence of
angina pectoris and ievated serum cholesterols.
Steiner and Domanski(?~) in studies on 54 patients
dying from chronic glomerulonephri t is in a ges . 1 t ·o 39
years found 52 of 96% with evidence of gross aortic .
atherosclerosis.

In 38 or ?0% ther e was gross evidence

of coronary atherosclerosis.

The serum cholesterol

values in 30 of the se 54 patients exceeded 300 mgs%.
In 12, the incidence exceeded 400 mgs%.

Serum cholesterol

studies ha ve also b een carried out on a group of 19
patients with chronic glome.rulonephri tis observed over
a 2 year period.

Hypercholesteremia was present in the

entire group on more than one occasion.

In 1? of ,tae se,

the cholesterol readin gs ex ceeded 400 mgs%.

In ten the

vamu es were over 600 mgs%.
Leary (?5 ) concluded in the evidence presented
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that arteriosclerosis in man a nd in experimental rabbits
is due to the presence of excess of cholesterol esters
within phagocytes which first app ear in the intima of
the arterial wall.

He described the process of the

formation of the atherosclerosis in the following ma nner.
The chlesterol is esterified in the liver.

When the

cholesterol is fed in excess, it is deposited in the
forms of esters in the cells of the liver a nd adrenals.
Th ese esters ac cumulate in these organs in excess and
are removed from them by the Kuppfer cells in the live r
and its analogues in the adrenals.

These cells ' engulf

'
the cholesterol
esters as particulate matter, and become

lipoid cells which escaped from the liver and adrenal
through the blood and lymph stream ~ These lipoid cells
having entered the blood strea m, pass through the lung
filters and selectively in vade the arterial intima.
The invasion is f a vored b y stre sses , but is apparently
dep endent upon positive ch emota xis of the arterial wall
f or the cells carrying cholesterol esters.

The lipoid

cells posse s the power to split cholesterol esters and
bring the substa nce into solution in a n excess of f a tty
acids.

These lipoid cells · a r e akin to sllica in their

irrita nt effect and is likewise difficult to metabolize,
staying in the tis sues, and stimula ting connective
tissue growth.

Leary says that in the human in contra st

78.

to the rabbits, the atherosclerosis 1s associated with
intermittent secretions.
Hirsch and Weinhouse (7'6) in their article say that,
although primarily concerned with the role of lipids in
atherosclerosis as an entity, they believe that the basic
conception contained therein can be applied in any discussion of atherosclerosis in diabetes.
Chemical, physical and morphological changes normally occur in arteries with the advance of age and are in-

dependent of atherosclerosis which is primarily a disease
of the 1ntima.

They have found that the simple fatty

deposits with atherosclerosis have the same 11po1d composition as the blood plasma and the normal intima.

The

identical composition of tissue lipoids strongly supports
the view that the lipoid deposits in arteriosclerosis
result from non-selective de position of the plasma lipids.
Although cholesterima may favor the development of
atherosclerosis, the lesions of the vascular disorder
develop in adult life without an appreciable eleva.t ion
of blood cholesterol or obvious abnormality of blood
lipids.

The above suggests that factors in the tissues

of blood ~epsals leading to the deposition of lipids are
important.

These tissue factors are not known.

After

the lipids are deposited and remain in the tissues in
course particulate form, the subsequent stages of
arteriosclerosis develop.

The evolution of the lesion
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from simple fatty deposits to calcified atheromatosis
ulcers occurs because of several processes.

These may

be classified as phagocytosis; physical, chemical
effects of the lipids or their products of decomposition
on the tissue; disturbances in nutrition; r eactions of
the tissues to the lipoid deposited·.

The authors con-

cluded that the evidence favors the development of
atherosclerosis from disturbance in the metabolism of
lipids infiltrated into the tis sue s of the· intima.

The

author believes that further study is necessary before
,,

a satisfa ctory explana tion can be given concerning the
interactions and interconversions of the lipids in the
blood and tissues.
Summarizing their finds in (76 ) studies of the
Chemical composition of arteriosclerotic lesions alone
and compared the values with normal intima.
TABil,! I

Types of Moisture Lipoid. Cholesterol Phosphatide Tot.
Lesions
Extract Free Ester Ether Ether
sol insol
Normal
71.6
intima
Early f a t t y 67.5
p l a ques
Fibrous
66.5
p l aques
Calcified
38.6
t+esue
Athero60.8
matous Ulcers

14~4

14.2

38.6

13. 7

6.4

20.1

25.9

16.2

38.5

10.8

8.2

19

27.2

18.1

41.7

5.9

9

14.9

12.8

21.9

47.2

3.9

9.3

13.2

36

27. 2

42.1

5.8

10.2
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16

Typ es of Lesions

•Fatty Acid

Galact

Normal Intima
Early Fa tty Plaques
Fib rou s pla ques
Calcified tis s ue
Atheroma tous Ulcers
✓

8

5.8
4.5
4.6
4 .3

\

Neurt.

Calcium

19 .1
20 .5
15
13.1

.2~
.86
3.94
24.3

10.1

10.1

These . authors believe that to support the infiltration theory, the lipi d composition of fatty deposits with little or no necrosis should approximate
the composition of the lip ids . in t h e blood plasma.
The result below s hows tha t the lipids of the intima
originate in the plasma rather than in the protoplasm
of the cells.

Also supports the validity of Antischkows

tha t t h e inti ma is freely permeable to the lipids of
the plasma and that the intima has no selective action
on t hese lipids.

TABLE II
Blood
Plasma
Free cholesterol
14.1
Cholesterol esters 38.3
Phospholipids
22.8
Neutral Fats
23.3
Cholesterol

Ea rly
Plaques
16.2
38.5
19
26.3

Intima
14~2
38.6
20.1
2?.1

Media
17.3
16.?
34.l
31. 9

In relation of hypercholestermia to ingestion of
cholesterol the author says that the hypercholestermia
does not develop from the ingestion of moderated quantities of cholesterol.

The relationship is obscure, and
.

'

the results are controversial.

The authors cite refer-

ences both pro a nd con but their consenus of opinion is
that there is no definite relationship between hypercholesteremia and atherosclerosis.
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They admit that it

'.

probably has an influence upon the development but believe that there are probably other factors ' to be considered.
Steiner and Domanski (77 ) have . shown that the
serum cholesterol level in patients with coronary

J

arteriosclerosis was significantly higher than in the
control series and that the cholesterol level in the
arteriosclerotic group fluctuated widely in contrast
to the relative constancy of the level in the control
group.

They believ·e d that there · wa s some significance

between the high serum cholesterol reading and the
fluctuations with the early and fr equent widespread
development of arteriosclerosis in uncontrolled diabetes.
The average serum cholesterol values for individual
patients in the arteriosclerotic group varied from 300
mgs% to 499 mgs% with a mean average of 355 mgs%.

Tbe

average serum oholesterol values for the control series

~arie~

fro~

214 mgsi to 334 mgsi.

Cunningham ( 78) believes that arteriosclerosis in
man is due to presence of excess of cholesterol esters
phagocytes cells beneath the 1ntima.

He also believes

that after citing instances where low fat and low
cholesterol diets were used that atherosclerosis can
be prevented by the use of low fat and low cholesterol
diet.
Lately, other factors other then abno~mal cholesterol metabolism have been conside red as etiological agents
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in the development of atherosclerosis in the ~iabetic.
Turner (79 ) has contributed another phase in the development of atherosclerosis.

It is a theory that

diabete s melitus is sometimes the result of abnormal
secretion of several of the end~ocine glands, the end
result being the balance e·s tablished between the
thyroid, pituitary, adrenals along with the abnormal
function of the pancreas.

Turner's work is based on

the prevention of atherosclerosis in rabbits by the
use of whole thyroid.

He found that administration

of whole thyroid when administered simulandously with
cholesterol, prevented the atheromatous changes produced by cholesterol in the aorta of 1? of 19 rabbits.
He also noted that throxin wa s less effective, as
atherosclerosis developed in 8 of 11 rabbits.

In the

same paper, he found that potassium iodide also exerted
a strong protective action in rabbits since only in a
series of 12 rabbits fed cholesterol developed aortic
lesions.

This sugr ests that a cause or an etiolo gical

factor in atherosclerosis in diabetics may be in some
abnormal relationship inherent in the diabetics'
thyroid secretions.

Possibly some relationship exists

between the abnormal pancreatic hormones and the thyroid
gland wbich allows the atherosclerosis to develop.
Before any definite etiological f a ctor can be proposed
for atherosclerosis in the diabetic, this f a ctor must
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evidently be considered.
Page and Bernhard, (80 ) working along the same
ideas as Turner, found that the administration of an
organic iodide compound to rabbits receiving cholesterol
dissolved in oil prevented the appearance of atherosclerosis which normally follows the administration of
cholesterol and olive oil alone.

The author used di-

iodide of recinsterolic acid with cholesterol in oil.
~ipemia was increased, even higher than when the rabbits
were fed on cholesterol in olive oil alone.

The de-

position of cholesterol· in the arteries or other orga ns
was at a minimal.

They interpreted this . to mean that

when the metabolism of the tissue s of rabbits

is

altered by the administration of the di-iodide of
recinsterolic acid deposition of lipecimic plasma may
be hindered.

They believe that the metabolism of the

small tissues is responsible for the deposition of
cholesterol.
Malisoff (81 ) believes .that an ion more effective
than iodide, namely thiocyanate, could be used in
prevention of atherosclerosis.

Twelve rabbits, un-

selected, were used and given a thyroidectomy.

One

group of four received served as controls and · were
fed 3 grams of cholesterol per kilo per day; a · second
group received 20 mgs. per kilo per day of potassium
thiocyana te along with the same amount of cholesterol.
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The t hird group received the same amount of cholesterol
per day plus 60 mgs of potassium thiocyanate per kilo
per day.
The results showed that the r e is a protection of
aorta by moderate amounts of potassium thiocyana te.
The author says that whether the protection would break
down in a longer period of time is a question for further
study.

He thou ght that the thiocyanate ion may heighten

the degree of dispersion of the cholesterol colloids and
it may have a distinct effect upon the pereability of
the arterial walls.

He believes t h at this is also a

question for further study.

I agree with him, since a

greater understanding of this action of potassium thiecyana te may lead to the ....understanding of the etiology
of atherosclerosis in the diabetic.
Bauman ( 82 ) in the article on the effect of choline
on a therosclerosis in rabbits say the antagonism exhibited between choline and cholesterol deposition in
the r abbit led them to investigate the effect of choline
on the formation of plaques in the rabbit aorta.

The s e

a uthors put twelve rab bits on 3 different diets.

The

.

first gro up received purina r abbit chow; the second
rabbit chow plus 43% cholesterol and 5% hydrogenated
cottonseed oil; the third, rabbit chow plus cholesterol
a nd 715 mgs% of choline hydrochloride per liter of
ing wa ter.

At t h e end of. 4 months the a ni mals were
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dr~m~-

killed and the aortae wer e examined both grossly,
histologically· and analyzed for cholesterol esters.
The results showed a marked increase in blood
cholesterol, irrespective of choline intake.

In the

first seven the total cholesterol was from 1.75 to
✓

6.21 mgs %-

In the second series the increase was

from 1.15 to 9.9 mgs%.

The increase occurred in

both the free cholesterol and the ester fractions,
the greater inc r ease being in the latter.
The aorta like the blood was profoundly affected
by the ingestion of'0.22% cholesterol.

Characteristic

atheromatosis plaques were observed in the aorta of
the animals receiving cholesterol regardless of the
amount of choline ingested.

The cholesterol content

by chemical analysis also showed an increase in the
cholesterol.
per gram.

Content of the normal aorta was 5.8 mgs

The aorta of cholesterol fed rabbits con-

tained 316 mgs per gram.

The administration of choline

failed to inhibit the formation of cholesterol plaques.
The same results obtained in the animals fed on
43% cholesterol.
The authors came to the conclusion that 300 mgs
of choline hydrochloride failed to inhi~it the development of atheromatous formations and had no effect on
the cholesterol in the blood, liver, and aorta.
Steiner (83 ) in this present study tried to de-
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termine whether choline had any effect on the depositon
of cholesterol eaters in the arteries of rabbits fed
cholesterol.
Thirty eight male r abbits were used.

One gram of

cholesterol was mixed with diet of each rabbit thre e
times a week.

The animals were divided equally into two

groups, 19 in each group.

Group I consisted of control

rabbitB fed only on cholesterol.

Group II were rabbits

fed on choline in addition to cholesterol.

Seventeen

were fed 500 mgs. of choline daily, while the remaining
2 were fed 750 mgs daily.
Results showed that all except three of the animals
in both groups exhibited immediate, progressive and sustained rise in the level of blood cholesterol.
Autopsies on the rabbits showed the following;
group I had 15 showing definite gross atheromatous plaques.
In group II, 9 showed definite gross atheromatous plaques.
the author concluded that the oral administration of 0.5
grams of choline daily to 19 rabbits fed 1 gram of cholesterol did not prevent the development of a hypercholesteremia comparable to that produced in 19 animals
fed on cholesterol alone.

It was concluded that choline

delays but does not prevent artherosclerosis.in cholesterol fed rabbi ts.
nother new factor- which has ' in the last few years
been considered in the development of atherosclerosis is
that mentioned by Dragstedt.

This author believes that
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the pancreas is responsible for another form of hormone
a nd internal secretion.

He thinks tha t this hormone has

an influence upon fat metabolism , since in a diabetic
under cont r ol with insulin, the patient is still unable
to utilize his fats.

He also cites the frequency with

whi ch atheromatous plaques are found in the diabetic far
earlier than normal a nd wonders whe ther this arteriosclerosis doesn't represent a deficiency of this new
hormone, lipocaic.

He concludes that the occurrence of

arteriosclerosis in depancreatized dogs is of greater
incidence than in the normal dog.

lhere is a possible

relation of lipocaic to the complication in diabetes.
Huber-Brown-Casey (85 ) along the same idea of
Dragstedt, (84 ) say that lipocaic does not affect the
level of blood cholesterol in animals.

It prevents the

use of bl ood cholesterol and consequently the development of atherosclerosis in the aorta, a condition which
would otherwise ~egularly occur in a rabbit on high fat
diet.

In their studies they ran a series of rabbits on

a normal balanced diet.
elevated.

The b+ood cholesterol was not

They then ran a series on lipocaic and a

balanced diet and likewise got no elevation of blood
cholesterol.

When cholesterol was added to the balanced

diet the cholesterol blood levels went way up.

If un-

boiled lipocaic extract was then added t o the diet, the
blood cholesterol remained the same.
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It is quit e apparent that any attempt to evaluate
the etiological factors responsible for the development
of atherosclerosis in the diabetic is extr emely d~fficult.
Before attempting to evaluate the relationship of
✓

cholesterol or lipoid metabolism to atherosclerosis, let
us first investigate so me of the findings.

The first

question to a nswer is whether the level of the lipoid
in the blood is controlled by the amount of lipoid in
the diet.

The fo ll owing seem to believe that it is;

Bloor ( 55), Wishart ( 56 ), Antstschow ( 40), Corwin ( 69 ) ,
Flock and Corwin ( 70), Leary ( 75 ), Cunningham ( 78),

'

Turner ( 79), Page and Bernaard ( 80) , Malisoff ( 81),
Bauman ( 82), and Steiner ( 83),

The opposite opinion

is held by: Tolstoi ( 59), Duff ( 63) , Page and Farr ( 65 ) ,
Coracoran and Rabinowitch ( 68), Pa ge ( 72) , and Hirsch
and Weinhaus ( 76).
Two of the latest investigations of considerable
merit are those of Page and Hirsch and Weinhaus.

They

do not believe tha t the blood lipi ds are influenced by
the diet.

It is rather a difficult question to answer.

It seems odd that Eskimos, living on a high f a t diet,
do not develop a lipemia or a cholesteremia.
apparent that the material availa ble

It is

leads one to the

conclusion as stated by Hirsch and Weinhaus ( 76) ,

11

until

further evidence warrants a definite conclusion, hypercholestermia does not develop from the ingestion of
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of moderate quantities of cholesterol, the relationship
being obscure. 11
Of course the first question leads to the next
J

question, is hyperlipemia necessary for the development
of atherosclerosis?

The following authors believe that

if it is not, it certainly concomi t tant with it:
Anttschow ( 40), Igna towski ( 44), Steinbi ss ( 45) , Sal tykow
( 86), Bachmei ster ( 50), Wellman ( 51), Graham ( 5 2) , Dennis
( 54), Mjarsnelow ( 58), Gibb s, Buchner and Bloo:C ( 60 ),

Ruprech t (61), Muller ( 71), Steiner, Domanski ( 74), Leary

( 75), Hirsch and Wethhaus( 75), Steiner Doman'ski ( 77),
Cummingham ( 78 ), Turner ( 79 ), Page and Bernhard ( 80 ),
Malisoff (81 ), Bauman ( 82), Steiner ( 83 ), Dragestadt ( 84),
Brown, Huber Casey (85 ).
Th e follo wing investi ga t ors do not believe that
hypercholesteremia is necessary for -the development of
atherosclerosis.

Weltman (47 ), VanLeersum (48 ), Knasch ( 49 },

Steppe and Andes ( 53 ), Hunt and White ( 22 ), Rosenthal (62 ),
Duff (63 ), Eliot and Nuzum (64 ), Lande and Sperry (66 ),
Davis, Stein and Lesnick (67 ), and Page ( 72 ).
From the above, it is evident that the investiga tors
dif f er considera bly in their opini ons tn regard to the
rela tion of cholesterol and artherosclerosis.
difficult to evaluate there findings.

It is very

It seems tha t there

a re more investigators who consider hyp ercholesteremia
necessary for the development of atherosclerosis, but as
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J

Page ( 78 says,

11

if this were true, increased amounts of

lipoids should be found in the plasma of patients during
the development of atherosclerosis.

There is no definite

evidence available which definitely shows this to be true.

11

This may be true, but with all the evidence which points
to the fact that lipemia or hypercholesteremia may be
responsible for or concomittant with the development of
atherosclerosis, I do not believe that it can be entirely
overlooked.

It may be a factor in the diabetic, but it is

not the entire factor.
Hirsch and Weinhaus {76 ), show by chemical analysis
that the blood serum and the vessel walls have identical
chemical composition when analyzed.
the statement by Page {72 ).

This seems to refute

Because of this confusion, I

believe that the answer to the question of athe r osclerosis
in the diabetic v1ill be found to be in some other abnormal
mechanism.

Raab ( 38 ), in his theory of adrenal function,

touches on this idea, and it seems to be a factor which
must be considered when discussing the etiology of atherosclerosis.

Turner ( 79 ), and the relation of thyroid fundtion

to atherosclerosis must also be considered.

This applies

to the evidence of Page and Bernhard ( 80), Malisoff ( Bi ),
Bauman ( 8 2), and Steiner ( 83).
Lastly the work of Dragstedt ( 84) and the new hormone,
Lipocaic, will have to be evaluated more thoroughly in its
relati._on to abnormal lipid metabolism.
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In conclusion, it is apparent that no satis f actory
explanation is as yet available in the etiology of atherosclerosis in the diabetic.

There are several f a ctors which

are probably at work in the development of a therosclerosis
instead of one individual factor.

Before any conclusion

can reached, ther e must all be studied in great er detail.
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